ABSTRACT. The objective of this study was to investigate the cellular immunolocalization of inhibin  and inhibin/activin ( A and  B ) subunits in the muskrat testes and scented glands during the breeding season. Inhibin  and inhibin/activin ( A and  B ) subunits were expressed in Sertoli cells and Leydig cells of testes and glandular cells of scented glands, respectively. Also, positive signals of inhibin  and inhibin/activin ( A and  B ) subunits by Western blotting were both observed in testicular and scented glandular tissues. These results suggested that the testes and scented glands of the muskrats had the ability to synthesize inhibins and activins and that activins and inhibins might play an important role in testicular and scented glandular function in muskrats.
Immunolocalization of Inhibin/Activin Subunit Proteins During the Breeding Season in Testes and Scented Glands of Muskrats (Ondatra zibethicus)
Xiaoting MA 1) , Haolin ZHANG 1) , Jiaju WENG 2) , Xia SHENG 1) , Lu LU 1) , Xiao HU 1) , Shuqiang LIU 1) , Meiyu XU 1) , Qiang WENG 1, 3) *, Gen WATANABE 3, 4) and Kazuyoshi TAYA 3, 4) Inhibins and activins are growth and differentiation factors that have been localized in both the reproductive and nonreproductive organs. They exert their effects through both endocrine and local (autocrine/paracrine) mechanisms [18] . Inhibins and activins are structurally related dimeric gonadal proteins with the ability to regulate follicle-stimulating hormone (FSH) secretion from the pituitary glands [26, 27] . They are dimeric glycoproteins formed by two of three different subunits (α,  A and  B ). Inhibins consist of either of the β-subunits dimerized with a common α-subunit (α- A and α- B ; inhibin A and inhibin B, respectively). Activins are dimers of β-subunits ( A - A ,  A - B and  B - B ; activin A, activin AB and activin B, respectively). In mammalian species, apart from their action on FSH secretion, inhibins and activins have been shown to exert paracrine/ autocrine effects within the gonads [3, 12, 23, 31, 32] and other tissues [22] and have been proposed to have an important autocrine/paracrine function during cells growth [35] . The testis is not the only source of inhibins and activins in the male reproductive tract, and there are several reports of inhibin/activin subunit mRNA and protein expression in the prostate, seminal vesicles and epididymis [20] . Recent reports indicated that these proteins were shown subsequently to affect a range of tissues and systems beyond their role in reproduction [1, 11, 19] .
The muskrat (Ondatra zibethicus) is a medium sized, semiaquatic rodent that lives throughout Canada and the United States and in some parts of northern Mexico. It gets its name from the two scented glands near its tail that give off a musky odor [29] . The muskrat is a seasonal breeder with a sexually active period of about 8 months from March to October. During the breeding period, the male muskrat is willing to mate and produces mature spermatozoa, and at the same time, the scented glands secrete perfume substances that are used as expensive traditional Chinese medicines [4] . In this study, we investigated the expression of inhibin/ activin subunits during the breeding season in testes and scented glands of the muskrat. The aim of the present study was to elucidate inhibins and activins as endocrine or paracrine/autocrine factors that play a physiological role in testicular and scented glandular function in muskrats.
Nine adult muskrats were obtained in March (n=3), May (n=3) and July (n=3) 2010 from Xichuan Wangnong Muskrats Breeding Farm, Beijing, China (Fig. 1) . One male and one female muskrat were kept in each enclosure. All the animals were treated in accordance with the National Animal Welfare Legislation. All experimental procedures were carried out in accordance with the guidelines established by the Beijing Forestry University. Each pair of testicular and scented glandular tissues was obtained from each muskrat. The testis and scented gland from one side were immediately fixed for 12 hr in Bouin ' s solution or 4% paraformaldehyde (Sigma Chemical Co., St. Louis, MO, U.S.A.) in 0.05 M PBS, pH 7.4, for histological and immunohistochemical observations; the testis and scented gland from the other side were immediately stored at -80C until they were used for Western blotting detection.
The testicular and scented glandular specimens were dehydrated in an ethanol series and embedded in paraffin wax. Serial sections (4 μm) were mounted on slides coated with poly-L-lysine (Sigma, St. Louis, MO, U.S.A.). Some sections were stained with hematoxylin-eosin (HE) for observations of general histology.
The serial sections of testes and scented glands were incubated with 10% normal goat serum to reduce background staining caused by the second antibody. The sec-tions were then incubated with primary antibody (1:1,000 or 1:2,000) raised against porcine inhibin α chain (1-30)-NH 2 conjugated to rabbit serum albumin, porcine inhibin/activin  A (81-113)-NH 2 (#305-24D) [30] and cyclic acetyl human inhibin/activin  B (81-113)-NH 2 (#305-25D) [30] for 12 hr at room temperature. The sections were then incubated with a second antibody, goat anti-rabbit lgG conjugated with biotin and peroxidase with avidin, using a rabbit ExtrAvidin TM staining kit (Sigma, St. Louis, MO, U.S.A.), followed by visualizing with 30 mg 3,3-diaminobenzidine (Wako, Tokyo, Japan) solution in 150 ml of 0.05 mol Tris-HCl l -1 buffer, pH 7.6, plus 30 μl H 2 O 2 . Finally, the reacted sections were counterstained with hematoxylin solution (Merck, Tokyo, Japan). The control sections were treated with normal rabbit serum (Sigma, St. Louis, MO, U.S.A.) instead of the primary antisera. The specificity of the inhibin  and inhibin/activin ( A and  B ) subunits has been described for rat [17] and golden hamster testes [10] and for wild ground squirrels [21] .
The testicular and scented glandular tissues were weighed and diced into small pieces using a clean razor blade. The tissues were homogenized in a homogenizer containing 300 µl of 10 mg/ml PMSF stock and incubated on ice for 30 min while maintaining the temperature at 4C throughout all the procedures. Homogenates were centrifuged at 12,000  g for 10 min at 4C. Protein extracts (25 μg) were mixed with an equal volume of 2 × Laemmli sample buffer. Equal amounts of each sample were loaded and run on a 12% SDS-PAGE gel at 18 V/cm and transferred to nitrocellulose membranes using a wet transblotting apparatus (Bio-Rad, Richmond, CA, .U.S.A.). The membranes were blocked in 3% BSA for 1 hr at room temperature. Primary incubation of the membranes was carried out using a 1:1,000 dilution of primary antibody raised against porcine inhibin α chain (1-30)-NH 2 conjugated to rabbit serum albumin, porcine inhibin/activin  A (81-113)-NH 2 (#305-24D) [30] and cyclic acetyl human inhibin/activin  B (81-113)-NH 2 (#305-25D) [30] for 60 min. Secondary incubation of the membranes was then carried out using a 1:1,000 dilution of goat anti-rabbit IgG tagged with horseradish peroxidase for 60 min. Finally, the membranes were colored with 25 mg of 3,3-diaminobenzidine (Wako, Tokyo, Japan) solution in 25 ml of TBS-T buffer (0.02 M Tris, 0.137 M NaCl and 0.1% Tween-20, pH 7.6) plus 3 μl of H 2 O 2 . The negative control lanes were incubated with the primary antibodies preabsorbed with an excess amount of the antigens. Morphological observation of testicular and scented glandular tissues was performed for male muskrats during the breeding season (Fig. 2a) . The histological conformations of testes and scented glands were both observed in the muskrats by hematoxylin-eosin staining (Fig. 2b, c) . Leydig cells in interstitial components and Sertoli cells and all kinds of spermatogenic cells including spermatogonia, spermatocytes and elongate spermatids in seminiferous tubules were identified in testes of the muskrats (Fig. 2b) . Glandular cells were the main cell type in the scented glandular tissues of the muskrats (Fig. 2c) .
Immunoreactivity for inhibin  and inhibin/activin ( A and  B ) subunits was present in testes and scented glands of the muskrats during the breeding seasons, respectively (Fig.  3) . Immunolocalization of the inhibin  and inhibin/activin ( A and  B ) subunits showed that they were not only in the cytoplasm of Leydig cells but also in the cytoplasm of Sertoli cells in testes of the muskrats during the breeding season (Fig. 3a, b, c) . Positive immunostaining for inhibin  and inhibin/activin ( A and  B ) subunits was also observed in the cytoplasm of glandular cells of scented glands of the muskrats during the breeding season (Fig. 3e, f, g ). No immunostaining was detected in control sections of testes and scented glands in which normal rabbit serum was substituted for the primary antibody (Fig. 3d, h) .
The results of Western blotting analysis for the inhibin  and inhibin/activin ( A and  B ) subunits in the testes and scented glands during the breeding season are shown in Fig.  4 . Positive signals of the inhibin  and inhibin/activin ( A and  B ) subunits were detected in protein extracted from testes during the breeding season in the muskrats (Fig. 4a, b, c,  lane 1) . Immunodetection of the inhibin  and inhibin/ activin ( A and  B ) subunits showed that they were also expressed in protein extracted from scented glands during the breeding season in the muskrats (Fig. 4a, b, c, lane 2) . The protein lanes that were incubated with antibodies preabsorbed with an excess amount of the antigens were used for the negative control (Fig. 4a, b, c, lane 3) . With the inhibin  or inhibin/activin ( A and  B ) subunit antibody, the major bands detected in the testis or scented gland migrated to positions at about 55 kDa and 30 kDa.
To our knowledge, this is the first study that describes immunolocalization of inhibin/activin subunits in testicular and scented glandular tissues of muskrats. The results of this study demonstrated the presence of inhibin/activin subunits in Sertoli cells and Leydig cells of testes and glandular cells of scented glands, respectively. These findings suggested that the muskrat testes and scented glands have the ability to synthesize inhibins and activins and that inhibins and activins might play an important role in testicular and scented glandular function in muskrats.
In the present study, the inhibin  and inhibin/activin ( A and  B ) subunits were present in testicular tissues of the muskrats, showing that testicular tissues may secrete activins and inhibins in the breeding season. These findings are not unique to the muskrats, as similar observations had been found in other seasonal breeders, such as rams [15] , Japanese black bears [31] , raccoon dogs [32] , ground squirrels [21] and stallions [16] . In rams, the presence of mRNA and protein of all three inhibin/activin subunits in adult testes was confirmed by Northern blot analysis and immunocytochemistry, respectively, showing that the testes could produce and secrete dimeric inhibin during the reproductive cycle [15] . In our studies on seasonal breeders [21, 31, 32] , positive staining for inhibin α, β A and β B was observed in both Sertoli and Leydig cells in the breeding season, suggesting that Sertoli and Leydig cells of these seasonal breeders could secrete bioactive inhibins and activins in the breeding season. Previous studies suggested that inhibin/activin subunits might play some important roles in spermatogonial development [13, 28] , such as Sertoli cell proliferation [2] and steroid biosynthesis [5, 6, 14] . Our results here are in agreement with previous studies indicating that inhibins and activins act as a paracrine or autocrine factor involved in spermatogenesis [23, 25] . The present findings indicate that the production of inhibins, and possibly activins, was dependent on the stage of the cycle of the seminiferous epithelium; these growth factors might cooperate with steroid hormones and play a paracrine/ autocrine role in the differentiation of spermatogenic cells.
In this study, inhibin/activin subunits were also present in glandular cells of muskrat scented glands during the breeding season, implying that inhibin and activin may be an autocrine or paracrine factor involved in modulating cells growth, differentiating and secreting function in scented glands of the muskrat. In normal human breast tissues, all three inhibin/activin subunits are localized in the ductal and lobular epithelial cells of the mammary glands, suggesting that ductal and lobular epithelial cells normally produce inhibin or activin-related peptides, possibly under regulatory mechanisms independent of menstrual cycle changes of circulating sex hormones [19] . A previous study of the reproductive tract concluded that activins are important factors that act at a local level to maintain appropriate cell-cell interactions, particularly in the testis and prostate [20] . Thus, the present results were in agreement with previous studies indicating that apart from their action on FSH secretion, inhibins or activins exert their effects through local (autocrine or paracrine) mechanisms, rather than through endocrine systems [20] .
In the male, inhibins are produced in the testis, principally by the Sertoli cells. There are differences in inhibin expression and secretion depending on the species. In the stallion, golden hamster and dog, the inhibin α, β A and β B subunits are present in both Sertoli and Leydig cells [10, 16, 24] , and in adult monkeys, all three subunits are localized predominantly in Sertoli cells [8, 36] . Previous studies showed that inhibin B is the major form of inhibins secreted from testes in men, Japanese macaques and Gottingen miniature pigs [7] [8] [9] , but in the ram, inhibin A, and not inhibin B, was produced in testicular tissues [15] . In the present study, inhibin  and inhibin ( A and  B ) subunits were both expressed in testicular and scented glandular tissues, clearly indicating that apart from testicular tissues, the scented gland was an important source of inhibins in the muskrats. These results suggested that inhibin A and inhibin B could be secreted from testicular and scented glandular tissues. Interestingly, our experimental results for immunohistochemistry showed that P450c17 and P450arom were also detected in scented glands, implying that muskrat scented glands have the ability to synthesize androgen and estrogen (Qiang WENG). In our previous studies, P450scc, P450c17, P450arom and inhibin/activin β B were observed in the equine fetal adrenal gland tissues, suggesting that inhibin/activin subunits and steroidogenic enzymes may play a physiological role in developing equine fetal adrenal glands [33, 34] . In another study, a relationship between testosterone and activin levels was reported in the process of cell proliferation in dog prostate glands. Testosterone also had a differential effect on inhibin α and β subunits, and testosterone treatment led to predominant expression of β A mRNA rather than α mRNA. Combined with the distribution and role of the inhibin/activin subunits, P450c17 and P450arom in the scented glands of the muskrats, our results suggested that inhibin/activin subunits interacting with steroidogenic enzymes might cooperate with steroid hormones to play an autocrine or paracrine role in scented glandular function of muskrats during the breeding season. Future studies will be necessary to investigate inhibin and activin levels in the breeding and nonbreeding seasons and the pattern of inhibin/activin subunit expression in the nonbreeding season. 
